.
Laboratory media containing cycloheximide and chloramphenicol are used widely for routine culture studies and for isolation of pathogenic fungi from clinical specimens. Chloramphenicol functions in these media to inhibit the growth of certain bacterial contaminants, whereas cycloheximide serves to inhibit the growth of many saprophytic fungi. Georg, Ajello, and Papageorge (1954) demonstrated that Cryptococcus neoformans, Allescheria boydii, and Aspergillus fumigatus are sensitive to the concentration of cycloheximide commonly employed in laboratory media. They suggested that these organisms would not be recovered from clinical materials and other substrates with the use of a medium containing cycloheximide in amounts which would effectively inhibit saprophytic molds.
During a study of fungi isolated from soil at a suspected endemic site of histoplasmosis in Iowa (Cazin, McCulloch, and Braun, 1962) , A. boydii was recovered from one of the specimens even though cycloheximide-containing medium was being used to culture the organs of mice inoculated with soil suspensions. The isolate of A. boydii recovered from mouse tissues was typical except for its failure to produce ascocarps on cycloheximide-containing medium. The typical ascigerous stage of the fungus was observed, however, when the strain was transferred to Sabouraud medium or to Czapek Dox medium. Repeated subcultures failed to elicit ascocarp production when the fungus was grown on antibiotic-containing medium.
The present investigations were designed to determine the concentrations of cycloheximide and chloramphenicol necessary to inhibit growth of the fungus, and to confirm our observation that development of mature ascocarps is inhibited in a medium containing cycloheximide and chloramphenicol.
MATERIALS AND METHODS
Cultures of A. boydii used in this study were those maintained in the culture collection of the Department of Microbiology at the University of Iowa (Cazin and Decker, 1964) and five additional strains (D-1, N-20, N-34, N-35, and N-50) obtained from Paul W. Kirk, Jr., Department of Botany, Duke University. The Kirk isolates were originally isolated from wood that had been submerged in seawater for 6 weeks or more.
To determine whether some constituent of the medium other than the antibiotic agents was responsible for inhibition of ascocarp production, two commercially available antibiotic-containing media were tested. Mycosel Agar (BBL) and Mycobiotic Agar (Difco), each containing the same concentration of antibiotics but differing in the nature of peptone used in the medium, were compared for their ability to suppress the production of sexual fruiting structures by A. boydii.
Specific experiments were also designed to test individually each of the two antibiotics (cycloheximide and chloramphenicol) often incorporated into selective diagnostic media used The test media, prepared as agar slants, were inoculated with a suspension of the fungus consisting of 500 to 1,000 viable spores and mycelial fragments, and were incubated at room temperature (Cazin and Decker, 1964 Ct   C  C  C  C  CA  50  4+  4+  4+  4+  4+  4+  C  C  C  C  C  CA  100  -4+  4+  4+  4+  4+  4+  C  C  C  CAS  C  CAS  50  4+  4+  4+  4+  4+  4+   CAS  C  C  CAS  CA  CAS   10  -4+  4+  4+  4+  4+  4+   CASK CAS   CAS  CAS  CAS  CAS 1,000 4,000 Table 2 . Thirteen strains of A. boydii were grown in the presence of serial dilutions of cycloheximide contained in Czapek Dox Agar to determine the inhibitory concentration of the drug for the organism. Results shown in Table 3 indicate that three strains of A. boydii could grow in the presence of no more than 4 mg/ml of cycloheximide, nine strains could grow in the presence of no more than 8 mg/ml of cycloheximide, and one strain could grow sparsely in the presence of 16 mg/ml of the drug. Sporulation of the fungus was inhibited by concentrations of the drug lower than that required to inhibit growth. Sporulation was inhibited in strain 801 by 0.062 mg/ml of the antibiotic, a concentration much lower than the 0.4 mg/ml concentration used in selective media. Sporulation was also inhibited in two other strains (807 and D-1) by a concentration of 0.5 mg/ml, but not by 0.25 mg/ml of the antibiotic.
DISCUSSION
Several investigators have studied the effects of cycloheximide on the growth of pathogenic fungi (Whiffen, 1948; Georg et al., 1954; Huppert and Walker, 1958; McDonough et al., 1960a, b; Negroni and Daglio, 1962; Kuehn and Orr, 1962) . As the result of studies by Georg et al. (1954) , it is generally accepted that C. neoformans, A. boydii, and A. fumigatus are sensitive to concentrations of cycloheximide normally used in selective media. These investigators stated that the fungus would not be expected to be recovered from clinical materials and other substrates with medium containing cycloheximide in amounts which would effectively inhibit saprophytic molds. Since we were successful in isolating A. boydii on cycloheximide-containing medium and have had no difficulty in maintaining the fungus on the medium, it appeared that the existing discrepancy should be resolved. Georg et al. (1954) added serial dilutions of cycloheximide to Sabouraud dextrose broth at pH 6.5 and used very small inocula (25 cells or mycelial fragments by hemocytometer count) in testing the sensitivity of fungi to the drug. Growth was compared with that of fungi growing in medium without cycloheximide after 14 and 21 days of incubation at 30 C.
Our experimental design provided for a much larger inoculum, the use of a solid medium, and a longer incubation period than that used by Georg et al. (1954) . These factors may account for some of the differences observed in our findings. Growth readings were made over a period of 8 weeks in the present investigation. Although a slight growth inhibition of A. boydii by 0.4 mg/ml of cycloheximide was noted at the end of 1 week, no inhibition was obvious after 2 weeks. At the end of 4 weeks of incubation, the fungi were usually slightly inhibited by one twofold concentration of cycloheximide lower than that sufficient to inhibit growth at 8 weeks. These inhibitory concentrations of cycloheximide, however, were 10 to 20 times higher than concentrations of the antibiotic normally used in selective culture media.
By using a relatively large inoculum, good growth is provided in all media containing insufficient cycloheximide to inhibit growth. That this factor may be of importance is suggested by the results of Georg et al. (1954) in which cycloheximide dilutions over a wide range are shown to be partially inhibitory. They observed 1+ growth over a range of six twofold dilutions of cycloheximide, whereas in the present study the range over which partial inhibition was observed was never more than one twofold dilution.
The observation by Whiffen (1948) that 25 ,ug/ml of cycloheximide contained in an agar medium were sufficient to inhibit the growth of M. apiospermum for 72 hr is difficult to evaluate in light of the present study. We found that all 13 strains tested could grow in the presence of 160 times as much cycloheximide (4 mg/ml); moreover, 9 of 13 A. boydii strains could grow well in the presence of 8 mg/ml of cycloheximide, and one strain grew sparsely in the presence of 16 mg/ml of the antibiotic. Whereas our results compare somewhat more favorably with those of Georg et al. (1954) , they contrast sharply with the earlier findings of Whiffen (1948) . The two strains of A. boydii tested by Georg et al. (1954) grew moderately well in the presence of 0.032 mg/ml of cycloheximide and sparsely in the presence of 4 mg/ml of the antibiotic. The short observation period used by Whiffen (1948) or an inadvertent selection of an unusually sensitive strain of M. apiospermum might possibly account for the wide variation in results. In our study, strain 806 never exhibited more than 1+ growth in the presence of any concentration of cycloheximide tested. This does not reflect growth inhibition produced by the antibiotic, however, since 1+ growth also occurred in the control Czapek Dox Agar as well. When grown on Sabouraud Dextrose Agar, A. boydii 806 reacted similarly to all other strains. This strain, described in an earlier report (Cazin and 
